Tuberculosis (TB) has become a leading cause of death worldwide, which is largely attributed to the 12 difficulties in diagnosis and treatment of TB patients. Exosomes carrying RNA, particularly miRNA, 13 have been indicated their functional and diagnostic potential in diseases, including tuberculosis (TB).
14
In the present study, we performed RNA-seq based analysis on exosomal miRNA profiles for clinical 15 specimens of healthy controls (HC), active tuberculosis (TB) and latent tuberculosis infection (LTBI).
16
We identified many distinct up-regulated and down-regulated differentially expressed miRNA and 17 further screened top 20 in each compared groups which might provide a potential panel for 18 differentiation of HC, LTBI, and TB. We classified all the differentially expressed miRNAs into six 19 expression patterns and identified three persistently up-regulated miRNA (hsa-miR-140-3p, 20 hsa-miR-3184-5p and hsa-miR-423-3p) as potential markers during TB progression. Combined with 21 our previously detected exsomal mRNA, we screened the genes overlapped with predicted mRNA 22 targets of differentially expressed miRNA and analyzed their involvement in Biological Process, Mycobacterium tuberculosis (Mtb) . According to WHO report, TB has become a leading cause of death 37 worldwide(1). An estimated 2 billion people (one-third of the world's population) are latently infected 38 with Mtb, yet only 5-10% of the infected individuals will develop active TB during their lifetime, 39 which occurs when the immune response can no longer contain bacilli(2). However, the underlying 40 mechanism for the pathogenesis and progession of TB remains mysterious.
41
Exosomes are 30-150nm in size and constitutively released from most eukaryotic cell types into the 42 lymphatic system and blood to facilitate cell-cell communication by shuttling various molecules from 43 donor to recipient cells(3). These vesicles carrying cargoes of proteins, lipids and nucleic acids are 44 attributed to cell origin reflecting cellular abnormalities(4), they provide valuable information about 45 disease, including tuberculosis.
46
Comprehensive proteomic based analysis has characterized the protein cargo of exosomes derived from 47 macrophages infected with Mtb or treated with Mtb culture filtrate protein as well as from Mtb-infected 48 mice (5, 6) . These exosomes present of host proteins along with mycobacterial proteins have been 49 shown to promote both innate and acquired immune response in vitro and in vivo (5, (7) (8) (9) . Besides, 50 exosomes released from Mycobacterium avium infected macrophages contain bacterial pathgenic 51 glycopeptidolipids and cause proinflammatory response(10). Pioneering studies also determined RNA 52 contents in exosomes and the genetic information could exchange between cells(11). These RNAs are 53 highly stable for being protected from enzymic degradation in body fluids(12-14), Which suggests 54 functional and diagnostic potential of exosomal RNAs in tuberculosis. In particular, miRNAs delivered 55 by exosomes have been found to regulate gene expression and cell function both in vivo and in vitro 56 (15) (16) (17) . Singh and coworkers have characterized signature of host derived miRNAs and mRNA 57 transcripts as well as mycobacterial RNA in exosomes derived from Mtb infected macrophages(18).
58
However, RNA-seq based analysis in human clinical specimens is still lacking.
59
Our previous study have profiled exosomal mRNA signatures in healthy controls (HC), latently 60 infected individuals (LTBI) and patients with active tuberculosis (TB) (19) . In the present study, we also 61 applied RNA-seq for small RNA library to further analyze exosomal miRNA profiles of serum samples 62 from HC, LTBI and TB. We revealed distinct miRNA expression profile of the exosomes, indicating 63 the selective packaging of miRNA cargoes into exosomes under different physiological status. We 64 further determined six expression patterns of differentially expressed miRNA and three persistently 65 up-regulated miRNAs (hsa-miR-140-3p, hsa-miR-3184-5p and hsa-miR-423-3p) were screened as 66 potential mediaters during TB progression. Finally we co-analyzed the differentially expressed miRNA 67 with differentially expressed mRNA that we have reported so as to exploring the functional role of 68 exosomal RNA in TB pathogenesis. Our results provided important information of exosomes during 69 Mtb infectious process and encouraged considering exosomal miRNAs as potential biomarkers in TB 70 4 diagnosis.
71

RESULTS
72
Baseline characteristics of HC, LTBI and TB
73
A total of 180 participants were enrolled, including persons with 60 LTBI , patients with 60 TB and 60 74 healthy control. The age of the LTBI was 40.2±7.9 years old in average, while the mean age was 42.1 75 ± 8.2 for TB and 38.0 ± 9.1 in HC respectively. Besides, the gender ratio and the number of 76 participants smoking or not was almost the same among groups of HC, LTBI and TB (Table 1) 
79
Small RNA reads were obtained using high-throughput sequencing strategy. By mapping to the human 80 reference genome (hg38), we obtained the small RNA expression profiles of exosomes derived from 81 the three groups (HC, LTBI and TB). A total of 9584942 (HC), 778169 (LTBI), and 10581000 (TB) 82 reads were identified, of which 8681012 (90.57%), 688360 (88.46%), and 3370891 (31.86%) small 83 RNAs were identified in HC, LTBI, and TB respectively ( Supplementary Table S1 ). Via aligning 84 sequences with the miDeep2 database, we identified a total of 435 miRNAs, among which 364 85 sequences were consistent with mature miRNA records in miRBase, while 71 sequences that not paired 86 to any records were predicted as novel miRNAs ( Supplementary Table S2 ). Taking all the aligned 87 miRNAs into consideration, we found that the expression value of miRNAs presented a decreased 88 trend in LTBI compared to HC, and TB has the lowest expression level among the three goups ( Figure   89 1a), which was in accordance with Singh PP's discovery that incorporation of miRNA into exosomes 90 was inhibited in Mtb infected mouse macrophages but not so in non infected control cells(18).
91
Differential miRNA expresstion profiles among the serum exosomes in the HC, LTBI and TB.
92
To identify the significant differenecs of miRNAs between either two groups, we profiled the 93 differential miRNAs by pairwise comparison (fold change ≥2 and q value≤0.05) in a heatmap ( Figure   94 1b). The results revealed the distinct miRNAs expression profiles of the exosomes from HC, LTBI, and 95 ATB: 32 miRNAs were highly expressed in HC samples compared with LTBI and ATB samples (the 96 left column of Figure 1b ), 40 miRNAs (the middle column) were highly expressed in LTBI samples, 97 while 54 miRNAs (the right column) were highly expressed in TB samples compared with the other 98 two groups. Notably, 153 miRNAs were uniquely expressed in TB while 43 miRNAs were specifically 99 identified in LTBI ( Supplementary Table S3 ), which is helpful to facilitate the development of potential 100 targets for the diagnosis of tuberculosis.
101
Further, fold changes of the differentially expressed miRNAs were analyzed among the three groups. In 102 comparison with the HC samples, we identified 53 up-regulated miRNAs and 66 down-regulated 103 miRNAs in LTBI, while up-regulated miRNAs increased to 63 in TB and down-regulated miRNAs 5 decreased to 36. When TB and LTBI were compared, 114 miRNAs were identified up-regulated and 67 105 miRNAs were down-regulated (Figure 2a and Supplementary Table S4 ). We showed the top-10 106 up-regulated and top-10 down-regulated miRNAs in the above compared groups (Figure 2c ). To further 107 investigate the detailed differences in the differentially expressed miRNAs between LTBI and TB, we 108 overlapped these miRNAs using a Venn diagram (Figure 2b 
173
DISCUSSION
174
To date, TB is still a serious threat to human health. The main reason for failure to eliminate TB is lack 175 of understanding the molecular mechanism of TB pathogenesis and progression. In recent years, 7 exosomes have been shown to participate in signal transduction (e.g. immune regulation)(27), 177 biomolecules transportation (e.g. nucleic acids, proteins, lipids)(28), and cellular "trash bags" for 178 elimination of excess intracellular substances(29). Studies on exosomal RNAs in immunology, cancer 179 biology and neurobiology have indicated the potential use of them as molecular targets against several 180 diseases(30-33). However, the role of exosomes in transporting genetic material, specifically miRNA, 181 in tuberculosis with clinical human species was still being defined.
182
In the present study, we identified many distinct up-regulated and down-regulated differentially (38, 40) . Together with a recent report that exosome-enclosed miRNAs in exhaled breath has 200 been indicated to hold potential for biomarker discovery in patients with pulmonary diseases, including 201 tuberculosis(41), these distinct miRNA shed lights on discovery of novel biomarkers for LTBI and TB 202 diagnosis.
203
Besides, we classified all the differentially expressed miRNAs into six expression patterns. In order to 204 discover the mechanism of RNA packaging into exosomes during disease progression, we focused on 205 the LMH pattern and HML pattern, which presented grandually up-regulated and down-regulated 206 miRNA respectively under status as Mtb infection progresses. We found three persistently up-regulated 207 miRNA including hsa-miR-140-3p, hsa-miR-3184-5p and hsa-miR-423-3p were significantly distinct 208 (q-value≤0.05 and |log2(foldchange)|>1) in LTBI vs HC and TB vs LTBI, but no obvious 209 down-regulated miRNA were determined, indicating the inhibitory role of exosomes in TB 210 development. However, the specific role and the regulatory mechanism of three miRNA candidates in 211 disease progression need further identificaiton.
212
By co-analyze miRNA in this study with our previous mRNA data based on the assumption that the 213 8 expression level of miRNA and its targeted mRNA were mostly reverse, we screened the genes 214 overlapped with predicted mRNA targets of differentially expressed miRNA and analysed their 215 involvement in Biological Process. Our results indicated a decreased signaling transduction and 216 increased cell death in Mtb infected individuals, especially in TB patients.
217
Interestingly, we also detected mycobacterial RNA fragments in exosomal samples derived from LTBI 218 and TB, and the amount of Mtb small RNA was much more in TB (11309, 0.11%) than that in LTBI 219 (286, 0.04%), which was opposite to our published result that Mtb transcripts mostly existed in 220 exosomes of LTBI rather than that of TB. Taken together, it was suggested that exosomes derived from 221 LTBI which contained more Mtb transcripts might play a regulatory role in Mtb survival in recipient 222 cells while exosomes from TB pattients that contained more sRNA might act as a role in cellular 223 apoptosis, since mycobacterial sRNA has been reported to induce apoptosis in human macrophages(42).
224
How mycobacterial RNAs are incorporated into the exsomes is presently unclear. Previous study has 225 shown that mycobacterial DNA get access to cyosolic receptors by perforating the phagosome 226 membrane mediated by the ESX-1 secretion system(43). Since we only generated small RNA library 227 for sequencing, the length of Mtb RNA fragments are unclear and need further validation for further 228 use of this bacterial-derived RNA in TB diagnostics.
229
In conclusion, our study demonstrated that miRNA expression profiles were significantly different in 230 exosomes isolated from serum of HC, LTBI and TB. Couples of differentially expressed miRNAs in 231 TB or LTBI had the potential to serve as biomarkers for TB diagnosis. Three miRNA were proposed to 232 be mediators in TB development. Mtb sRNA were incorporated into exosomes from TB. However, 233 confirmation of these potential RNAs in a clinically relevant sample set will offer a source for novel 234 TB biomarkers and advance our knowledge about TB pathogenesis or progression. 
235
MATERIALS AND METHODS
256
Exosome isolation and characterization 257 Exosome isolation from pooled serum samples was conducted as previously described. Briefly, the cell 258 debris were removed by differential centrifugation at 1000 g for 10 min at 4 ℃, and 16,500 g for 30 259 min at 4 ℃ , followed by ultrafiltration (through a 0.22 μm filter; Millipore, Billicera, MA, USA).
260
Then, the exosome pellet was obtained by ultracentrifugation at 120,000 g for 2 hrs) and washed with 261 PBS.The pellets was resuspended in water and dropped on 200 mesh copper grids, the fluid was then 262 absorbed from the edges of the copper mesh with filter paper. The copper mesh was stained with 263 Phosphotungstic acid for 10 min, washed 3 times with water, and then dried for observation by 
279
The clean small RNA reads were mapped to human reference genome (hg38) by Bowtie(44) without 280 mismatch to analyze their expression and distribution on the reference. To remove tags originating 281 from protein-coding genes, repeat sequences, rRNA, tRNA, snRNA, and snoRNA, small RNA tags 282 were mapped to miRNA database (miRBase, http://www.mirbase.org/). miRNA expression levels were 
